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: 4,0 _ rAClZ,/'r'J:ZS_ ; _ :, • _.. _ :. ,. :. •

A _rtef descrtptle_ of fast support _acilttles utll_sed L_ tho 'P_m ; _1

• , _ pz'oson_ $Jl Uhis S_ilN_t1_. hnleral ¢_erstl_l _J_J_UeS a/Sd _strns- . .... |
- -Nntat._ system ch_rl_tin are-i_.lu_, _tm_ _ s_I_M_ _oatn wi_h |

n_ttro_an t_re_de, &o_mse _f.tts h_h _icltytwsr_ ¢_d." u_t_ a_.8_e-'/_lallp" |._
'. " _st. Slt_., YAbratlom Jostau _ 0_ct_/ at the ][_l_t _ C_, _.-. _._ .: |_..

I4oi _Mm_._ a exem_o_ _s_r- _0_U___e " :. , .: , -..: .... ,. : "-" ,

-]

4,1.1 Test lemta_lla:lo_ , . ", -. *.:_ '.. ' ' -'_ " " -""_-" :'i!. -", " . r {

Axis verttcml and tke tMk outlet d_m1_. Fi_r_ ]._ha_r_ a typLcal L_tal!atio_ _
_ _ the l_'o_@etive shining e_or m -r_ _rl_r to test, An In_atN _ _ae: ]'

c ] 1_pmrature _mv_roueat w_ mminta_ by* a th_ko_tl_ly'_mt-_ro_le_ , . :. :" |_
_- I oleetriealll c_rat_ hot-air ID_ (75,000 ._J _t_. Air,_t_r),. I_S'_. | ;

z _ somovhst.d_pond_g an t_e ef_tl_se o_ tJ_o in_. ioa emd b e_:_tes of | ,'

I Propellant lcadln_ 0_ratio_s v_ cc_duct_I hT"_n#b_riq:dit_ctly fro_' .J,
- I the e,_msrc/_l shL_i_ containers Is e_Juneti_ with $_lltty-mq_l|M J/_s _ "'

' I mad va_viM. X_aar O_oi_or grmmd Nrvicin_ _s[ui_nt m _ _r_at,1_l_. £_r U_,g F_
J test program, _he p_l]2mt ta_k .was. f111_. _ wl_h n_rc_ tetrozi_" (at e" ". ;._ .|_ ..

o . j :transfer 5_sss_z'e of approxtJuttely _ l_tg) _t.:lL1 c_er_£!o_ _sts ,observed il _ . _':_ ._-:

the _ipplng cylL_r to I_ov/de the Wsry.u_.1_e velum, _h_IMt _./_,_-_

Z yoga de_ox'minod by _ans _ a tsclllty-_uppllod phtto_m s_.le, r_eb1_ __ _._._

• '| :, was l_d _ .l_ roUt.. - " ._. ..... " _..-_ -"', ' !-'; '._"_ ": -'-"_-*"':'_/. ::-_-'i ""'__;-:

' 1, in the _=t o_---_rlc_X _tas_, ._, m_._¢_ion#_, p_o_¢_x_e_ "_.|'_.

_ Was t_ _e_m_r_. me t_x _. _o. __o_ _e p_.m_r_ts_ nz_;._A-J

• . . :." _ - .._. /,_ , -- _-, *_.., :,_, "_,. . _, ."-._¢ .,, _ _- . _-,'_ ,_ _" -_ ,. _.. , - _ ,_. .--. -.... • " _ _p,'_:"_
........... _. . -. _ .... .t _ -_ , ,% ,_ ,. % _ _ _......... _ ......... _ .... , .,_ _ _S, Iooe4tr,,,.__ _ _. ....

,, _:. . : , _ ,_.,. .'.'.'.'.'.'.'.'.'e_._ .... _o ,:.l'_e. "'' :*,,._,,-:. ,_':..,. e.,_,_ ", _:_ -:_ • • _,'._-

_ .... _. , ._ -.,.._ I .... . _ _ -_ _, _. , . __.-._.---._ _-- .-_
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m_t temts, l_Irtll _o_ _Jm d6ttratm_ trm tk6 etpollod l_.il_t-..ald . .

merely II hours _ lu_san_e/__ _ats _w_ lO_t. ;. ,, -_.-

.]_n$ ._e cmte_, _t_._li-I_, " ;_lli_.¢_im_ ti_ _re _brt_ _ "
.... dl_m _tat_ t_ _.1 ,-_,_e_mtl-to i_ __ _m_., _ ;_+

_stallatlon _ the vtbrat:l_t e_o_t_r._ .I_!_I/I _4_t_U_. '. _e'._._..o_l'_._ ".

• _h_ hoses _148dlng to the 1_ t _k " _ _ I_d t _ TM _ _ _ _ t i_ _

o Prle to /_ttlatlng m'vlbratlca t;Ilt,.!II_ 1;_Ik tl _I_Iw|_ • O '
_j , . o

< Fr_ and s_thanol to si_1_te th_.nltr'_qon tet_.ltls_ , j_l_ter _r(_I is.. _:

l_h1_l, _I00 c_blC c_nt_iot_rs e_ _Aqll_l n_ o_f-_ tO _I_ ._he. _ .-_i

"< Voluam; tl_ tank 1i then _iSurLlusd to.40 psilg. :4%tot ee_pletLll_ & _luit;tJ_
zs . zleu_aticu 11quld Ls drained frcm _ t.ank k_y presotlrlsln$ throueh _ l/J_t_d ,:

'_ _ Teat _la_¢ _hli detuol/_ag techn_q_ eye, Is _ye._a_l l he_q_1_a_e10m b_r.

_ = • , . .'" .. _ ., _-.

t&_ _corder): input vibration _s _It_ by ._ l_t_ovco 2_9_ aeoelsl_m_ter,
p-

• and the _nponso of th_ _ a_s4mbly WII _so_it1_'_ by an E_vco _ _e.¢@_a_-_

O weter. 3ke date is recovered by re_lsyi_ the _jpe through "_u£t_le ele_r_mlb

_-' Instr_mn_tlon l_11_II_._t, S_n_loldltl ir]_cl_rul t@jt dart l_ llc_ _ _ ....

_. mma _cceleratlo_ _Is iutomm$1cally plotted eI a _tJ._81 Of _ tr._0_, cY,

Random spec_rmm data are scanned by a pm_r ipectral density lmaly_er, vhtch

t&e da_,a t_ termks of the square d b _c_lera_loa level (tO a_,o_ ngp_ive

_mebors) a_ • ftmcttoa of frequency; th_ .l_r _octral d_msZ_y _ • I_n--p_od_&o

aceeleratton fvmctt_n Is the svers_o accelnret-l_n in a On_ _ _r_q_m_.y be_d ._: •

_ott_ as _ oo_tlnaous func_lon '0_ t_u_ney, "' ...... :
; ,- :. _ "- ..'.: • . _'.' _- . .

. . 3 , . -_ '" " "';" _

"_ '" " " "" - ' " _ " _" . . "- " . ,_ _:,'', "< : ."-i;- " . " _i" _':

_. ,-. . :. ", ;. ..... ; ?....'" _.._: ,...... . . • ,._.. _. "._.

" " _,_, _" °,." . -- . '_. . ." :i ...-%.,,._ _ "}" "'." " ._ . .. _ .,_ -: .

.. . .. _:, , _.... .- .... .. . ...._.._....;...,,_ - , ,

" " ":"L'_."" _"/-_ _ " • " - "'" ....• .. . .... .- "_,_ '_ _ , ,-- ._ .

• .. _..:.. <. -. ... , " -
• . _ . . :.... , .: _, .--

,.. : .." ., - "_ . _ • "-..'.:,.,........ ,-. • ,. ..= _-_' ,. ._. , :. . ., _, _,_ ._". .,.-. . " _ __ _ _ _ ._-.
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VIBRATION TEST, Z-AXIS D2-100645-1
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Figure 5
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VIBRATION TEST, X-AXIS D2-I00645- I
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•kltg eqlinetri_l _r_elOlment _i_o,-the _ist b11.kJe1"i 9_F_.hl_ _lt_ltlt

.beneflt of rigorous qutlity Q_ntrol InlpectIIn and _e_e Xnste13Ad5 Ln t_e t4mlm

by Boeln8 p_rs_el. The abo_ listing omphaJirai_ _tke _sity far e_rtmnm
cauticm in handlLn_, shiMping, 4md ,.talstim_an ez_ul_kcm ]_Lmdder; io_ blldld_r_

wore either _hu_d upon receipt W prior to"instellutton J_zto @ _ Jhell -,:

s mcrtallty rate of 46%, " ._ . - , ._

mz_ deW--s ot _h_i_-Oe Is e__ U :the bl_h_ t_ oared. " 'i

_ze Dlle_trix Cempaay had estimated tJtat the _rLn_d_e _f th_ ¢_lte bXad4e, r
would mot be aS _reat ao for a,a L13_teflon bls_dm_, _mt _ hb,t.l_atl, o!'_mdro3.
WaS _orte_ed 1_ to eaaponmt_ four the oottm*t_d 41if:fel_lt_, M4rSJ ._at date

indicates that tJue m%rin]u4e o_ _ho toflaa/a_ bls_er as m_r_ noe_rXy _u_l
tO that of the S12-te£len bladders a_d there iS evXdenee _o Im_t tJ__ test

bladders _ u_s£_. I_spection UpOn _lc_ipt reeled a f_ne mt_i el

114_t patterns, Indxcat!_e of alnute alum/nun foil crscklq ," In S!_OS _..... ...
units,- _bs_uent _k Installetlo_ _ _s_ served $0 a_re_r_s _ne ,_,*-.-.*.
oonditlo_. BOeing e_d .el1 A_z_sys_e= h_ve _.tlt_t_l _ ne_e_rmLry ln_p_._ _

and ¢o_t_ol procedures to p_vent re_ur_e_ce of l_e p_oblesl. :.: ; .... _-" "

Bladder _/_ 153-1 wee the production _t_.
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Figure 6
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BLADDER S/N 123-3M DISASMLY D2-I00645-I
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Figure 7
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BLADDER S/N 123-3M CRACKING
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TEFLON & ALUMINUM SEPARATION
D2-I00645-I
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FORWARD EXTREMITY CRACKING

BACKLIGHTED EXTERNALLY
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NITROGEN CONTENT ANALYSIS EQUIPMENT D2-I00645-I
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The Reference 1 test plan specified the withdrawal of propellant samples

and expulslon cycles on the fourth and eighth days of the test. A propellant

sample was also withdrawn at the time of oxidizer loading to establlsh a

"background" nitrogen content. Propellant saturation data are shown in

Figure 14 (Section 6,2.2). A summary of the two expulsion cycle test conditions

is presented In Table V.

i

Table V

BLADDER SltN 121-3M

EXPULSION TEST SUMMARY

Cycle Pressure, Temperature. Flowra te,

Number psi g _F ib s/sec

1 193.9 84.2 O. 117

2 190.3 82.4 O. 085

Seven pounds of oxidizer were expelled in the first cycle, and the remaining

oxldizer was expelled in the final cycle.

The assembly was flushed with Freon/methanol and returned to the MPC on

29 November; oxidizer had been present in the unit for a total of 281 hours.

A bladder leakage test conducted upon receipt at the MPC resulted In a value

of I scc/15 minutes. _he results of the storage test on Bladder S/N 121-3M

were not wholly satisfactory. Disassembly of the tank revealed several small

areas where the aluminum fell had apparently crumbled and corroded. Figure 16

presents an overall photographic view of the bladder after removal and inflation;l

Figures 17 and 18 show close-up views of two major areas of aluminum deteri-

oration, An unkno_'n factor In the test results Is that Tank S/N 9 had been

nickel plated on the tnterlor surfaces (a left-over unit from the tank storage

program, Reference 2). A greenlsh-colored residue was visible in the zank

interior and on the gas slde of the bladder. X-ray diffraction analysls core-

firmed that the residue was s hydrated form of nickel nitrate. Ni(NO,)^ • 6H 0
• " -_ _ 2 "

Samples of the corroded aluminum fell were analyzed by infra-red spectrophoto-

meter techniques and found to be a hydrated form of alumlnum nitrate, AI(NO3) 3.
9H20. The presence of the hydrated forms leads to the strong conclusion that

the tank had somehow been contaminated with water vapor, possibly during a

bladder leak test which involves a water displacement measurement method,

_ne supplies of nitrogen and oxidizer were checked and found to be within

specification in terms of water content. A product of the reaction between

water and nitrogen tetroxlde is nitric acid, Breakdown of the normal passive

aluminum oxide layer and subsequent corrosion may have been enhanced by the

presence of the nickel plating; nickel is kn_n to be an active catalyst for

many reactions. From the fact that other bladders passed mission simulation

testing (Section 6.3.2) without deterioration, it Is concluded that the abnormal

condition of Bladder S/N 121-3M resulted from a procedural malfunction and an

unnatural test environment; i.e., the presence of nickel.

(

REV LTR B'_F'IAV_' ! .o I)_100645-1
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Figure 16
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BLADI;ER S,N I._I-3M
D2- 100645- l
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Figure 18
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6.3.2 Mission Simulatlon Testing

_vo tRnk/blsdder assemblies were each subjected to two mission simu-

lation tests in real time. The test units were Tank S/N 4/Bladder S/N 152-3M

and Tank S/N lO/Bladder S/N 149-3M. _ne latter assembly had prevlousl) been

subjected to FAT and Qual vibration, four expulsion cycles, and removal and re-

installation of the bladder; hence, the results from this unit would represent

an extreme case. From the typical spacecraft time-line analysis, the mission

simulation profile Presented in Table VI was implemented in this phase of theprogram.

Table V]

MISSION SIMULATION TEST PROFILE

Time r Days

T- 14

T- 0

T+ I

T+ 3

T+ 4

T+ 18.

Initiate pro-launch pad operations

simulation. Condition test unit to 45 pslg
and 60°F.

Simulate spacecraft launch. Increase tank

pressure to 240 psig and simulate trans-

lunar temperature environment of 80'F.

Expulsion cycle simulating mldcourse

maneuver - 5 seconds duration.

Expulsion cycle simulating midcourse

maneuver - 50 seconds duratlon.

Expulsion cycle slmulatiztg orbit injection

maneuver - 615 seconds duration. Reduce

temperature to 600F to simulate nominal

lunar orbit environment.

Expulsion cycle simulating orbit transfer

maneuver - expel to 98_ level.

Propellant samples were to be withdrawn periodically throughout the above

32-day test for determination of nitrogen content. During expulsion cycles.

the tank pressure was reduced tO s nominal value of 190 pslg to simulate actual

operating conditions. At the conclusxon of the test a measurement of bladder
leakage rate was conducted.

After successfully completing FAT-level vibration, Tank S/N 4 was delivered

to Tulallp and the first mission simulation test initiated at 1420 hours on

2 January, 1966. The previous test history for Tank S/'N 10 is discussed In

Section 6.1.2; the excellent condition of Bladder S/N 149-3M led to the decision

to also subject thls combination to mission simulation testing for the purpose

of increasing the level of design confidence. As Bladder S/N 152-3M (Tank _/N4)

REV LTR _Lm'/N_, [ .o. D2-I00645-1

u] ,_ :ooo _Ev. ,,'6s ISH. 37
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WaS the newer of the and more nearly representative of a flight component, ad-

herence to the Table VI profile was emphasized for the unit. If equipment con-

flicts arose, then Tank S/N 10 mission events were to be advanced or delayed to

avoid interfereence with Tank S/N 4. Tank S/N 10 was placed in test at 1145

hours on 4 January.

_he first mission simulation test for both tanks concluded st 1000 hours

on 4 February without incident. "l_e second simulation test was initiated at

1100 hours on 7 February and concluded at 0_30 hours on il March, also without

incident. A summary of the environmental test conditions is given in Table VII.

Table VII

MISSION SIMULATION TEST ENVIRO_,_F

Pre-Launch Trans-Lunar

Tank S/N 4

Bladder S,,'N 152-3M

Lunar Orbit

MST-I

Time, hrs. 355 96.5 336

Pressure, pslg 49.0 243.8 244,0

Temperature, °F 59.6 80°4 61.0

MST-2

Time, hrs, 334 95.5 336.6

Pressure, palg 51.1 240.6 243.3

Temperature, ©F 62.6 85.1 63.3

Tank 5/N 10

Bladder S/N 149-3M

MST-I

Time, hrs. 309.5 168 264.5

Pressure. psig 42.0 220.1 240,8

Temperature, °F 58.9 72 6 60.5

liST-2

Time0 hrs. 334 96.0 336,5

Pressure. palg 48.7 241.0 242.'4

Temperature. "F 62.3 84.7 63.1

(
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The pressures and temperatures quoted in the above table are averages baaed

on data points taken at 6-hour intervals. Figures 19 and 19a show pressure and

temperature time histories for Tank S/N 4; comparable data for Tank S/N 10 ere

given in Figures 20 and 20a. _ze pressure fluctuations noted in Figure 20 are

the result of small facility-plumbing leakages that could not be corrected with-

out interrupting the test: the magnitude of the pressure changes became

noticeably less as oxidlzer was expelled and the ullage volume increased.

Corrective measures were successfully instituted prior to the second test,

The tlme history plots also include indication as to when expulsion cycles were

conducted and when propellant samples were withdrawn. Results of propellant

sample analyses are discussed In Section 6.2.2. A summary of expulsion cycle

data parameters is contained In Table VIII.

A bladder leak test was conducted at the conclusion of each simulation

test tn accordance with the procedures of Reference 1. At the conclusion of

MST-1. the measured leakage rate was zero on both assemblies; at the con-

clusion of MST-2, the leakage rates were 0-0.5 scc/15 minutes on Tank S/N 4,

and 0.5 scc/15 minutes on Tank S/N i0. _ne leakage allowed by Reference 5.1s

4.0 scc/15 minutes.

Both tank assemblies were flushed with Freon/methanol and returned to the

_TPC on ii March. During this phase of the Lest program, oxidizer had been

present in Tanks S/N 4 and S/N tO for a total of 1630 hours and 1584 hours,

respectlvel_. Post-test disassembly revealed that both bladders were generally

in excellent condition; same minute cracking of the aluminum was evident as

previously discussed in Section 5.0. There was no distinguishable deterioration

or corrosion, nor any tearing of teflon or aluminum lamlna. Bladder S/N 149-3M

exhibited localized delsmlnation between the aluminum and outer FEP lamlnas in

_he region of the unitts aft extremity' (i.e.. flange end). Photographic views

of Bladders S/N 152-3M and 149-3M are shown in Figures 21 and 22. respectively.

6.4 VIBRATION TEST DATA

Four tank/bladder assemblies were subjected to vibration testing at the

Kent Space Center. The environment to which the units have been teated are

those specified in the oxidizer tank procurement specification. Reference 5.

The facilities and procedures employed in, vibratlon testing the teflon/aluminum

expulsion bladder are discussed in Section 4.2 and Reference I. Table IX

summarizes the tank/%ladder assemblies and the type of vibration spectrum to

which each was tested.

Table IX

VIBRATION TEST SUMMARY

Tank S/N Bladder S/N Vibration Spectrum Test Date

4 123-3M FAT 11-29

10 124-3M FAT 12-4
_al 12-4

I0 149-3M FAT 12-16
Qual 12-17

4 152-3M FAT 12-30

Note: FAT - Flight Acceptance Test

_al - Qusllftcatlon
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Figure 22
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BLADDER S N 149-3M, POST TEST D2-I00645-I
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In both FAT and Qual level vibration testing, the test unit was subjected to

appropriate slnusoldal and random vibration spectrums in each of the three

principal axes. Figure 23 presents typical Qual-level slnusoldal input and
tank response characteristics. Figure 24 shows s random input spectrum, and II

Figure 25 presents the manner in which the tank responded to that input, Aero-
The recorded tank response data agree favorabl._ with that obtained by Bell

systems,

One bladder failure was observed upon completlon of vibration testing;

however, it cannot be establlshed if the fallure is attributable to vibration

test, or improper installation methods. After completing Qual-level testing.

the leakage rate across Bladder S/l_ 124-3M was found to be I0 scc/15 minutes;

thls is 2-i/2 times the specification allowableo Zero leakage had been

measured prior to vibration test. Disassembly sad inspection did not indicate

any damage to the unit, but it was noted that the bladder was permanently

twisted, with respect to the propellant standpipe, st both the forward and

aft attach points. The bladder assembly was leak te_ted at an Internal pressure

equivalent to ten inches of water - no significant leakage could be detected at

an> location with a helium leak detector. The tank/'bladder combination was re-

assembled and again leak tested; the leak rate had Increased to 20 scc/15

minutes. As the leakage ccmld not be alimlnated, the unit was rejected and

Bladder S/N 149-3M was Installed into Tank S/N I0.

On all other bladder assemblies, the measured leak rate following vl-

bratlon test was found to be zero. It Is suspected that the failure of

Bladder S/N 124-3M was attributable to • slightly improper installatlon that

was aggravated by vibration test.
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7.0 CONCLUSION

The desirable characteristics of s positive expulsion system are that

there by a minimum rate of permeation and gas transmission, light weight, and

repetitive cyclic capablllty, A plastlc or r_bber expulsion bladder has the

advantage of the latter two characteristics but is deficient in the first, s

metallic bellows design imposes a weight penalty, and a metallic bladder is

not capable of repetitive cycling. The design goal of the composite teflon/

aluminum expulsion bladder was to attain the most favorable compromise of the

desirable characteristics. The test results as reported herein indicate that

this goal has been achieved. A cumulative summary of the four test units Is

presented in Table X.

Table X

CUMULATIVE TEST SUMMARY

FOUR BLADDERS

Number of 90% Expulsions ............. 4

Number of 98% Expulsions ............. 9

Total Exposure to N204 .............. 3658 hours,
3-Axle TAT Vlbratlon : . 3 units

3-Axls Qusl Vibration ............ I unit

Approximate Vlbration Time ............ 55 minutes

Number of Permeatlom Samples ........... 26

Bladder S/N 149-3M accumulated the largest, and most varied, amount of test

activity including 1) FAT end Qual vibl"ation (30 minutes), 2) two 90_ and

four 98% expulsion cycles, and 3) 1629 hours total exposure to nitrogen tetro- I

xide. The post-test condition of the unit was satisfactory, The teflon/
aluminum bladder concept achieved a major design goal of reducing the rate of

nitrogen gas transmission; the nominal saturation level after 32 days of mission

proflle testing is o_ the order of 18% as compared to 100% with an all-teflon

bladder in the same time period.

On the basis of the reported test data, The Boeing Company recommended,

and NASA-Langley concurred, that teflon/aluminum bladders be incorporated in

the oxidizer tanks of all flight spacecraft.
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